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CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not Applicable 

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT 
[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to semiconductor packages and, more 

particularly, to a semiconductor package leadframe which includes support feet sized and 
configured to provide structural support to the die pad of the leadframe. 

[0004] Integrated circuit dies are conventionally enclosed in plastic packages that provide 

protection from hostile environments and enable electrical interconnection between the die and 
an underlying substrate such as a printed circuit board (PCB) or motherboard. The elements of 
such a package include a metal leadframe, a semiconductor die, bonding material to attach the 
die to the leadframe, bond wires which electrically connect pads or terminals on the die to 
individual leads of the leadframe, and a hard plastic encapsulant material which covers the other 
components and forms the exterior of the semiconductor package often referred to as the package 
body. 
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[0005] The leadframe is the central supporting structure of the semiconductor package. 

A portion of the leadframe is internal to the semiconductor package, i.e., completely surrounded 
by the plastic encapsulant forming the package body. Portions of the leads of the leadframe 
extend externally from the package body or are partially exposed therein for use in electrically 
connecting the semiconductor package to another component. In certain semiconductor 
packages, the die pad is downset or vertically recessed relative to portions of the leads which 
protrude from the package body of the semiconductor package. 

[0006] To fabricate semiconductor packages, a current industry practice is to etch or 

stamp a thin sheet of metal to form a leadframe. The semiconductor die is mounted and wire 
bonded to the leadframe, with the encapsulant material forming the package body then being 
applied to encapsulate the die, bond wires, and portions of the leadframe in the above-described 
manner. Upon the hardening of the encapsulant material and resultant formation of the package 
body, portions of the leadframe are cut or singulated for purposes of electrically isolating the 
individual leads of the semiconductor package from each other. 

[0007] In the fabrication of certain semiconductor packages, a molding procedure is 

conducted wherein the leadframe having the die wire bonded thereto is placed into the mold 
cavity of a mold, the mold cavity having the configuration of the fully formed package body of 
the semiconductor package. A molding compound is injected into the mold cavity of the mold, 
with the curing or solidification of the molding compound facilitating the formation of the 
package body of the semiconductor package, as indicated above. In the aforementioned molding 
process, a hydraulic press including upper and lower mold sections which collectively define the 
mold cavity is often used. Subsequent to the placement of the leadframe having the die wire 
bonded thereto into the mold cavity, pre-heated molding compound (e.g., epoxy resin) is injected 
into the gate of the mold, with the molding compound thereafter being transferred into the mold 
cavity for application to the leadframe and die wire bonded thereto. 

[0008] As indicated above, in certain semiconductor packages such as Thin Quad Flat 

Package (TQFP) products, the die pad of the leadframe is downset relative to outer portions of 
the leads which protrude from the package body. The downset of the die pad causes the same to 
extend along a plane which is disposed in spaced, generally parallel relation to the plane along 
which the outer portions of the leads extend. Certain semiconductor packages such as Quad Flat 
Pack (QFP) products include a leadframe with a downset die pad and, when completed, have an 
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overall thickness in the range of from about two to four mm. Due to this thickness, there is 
typically enough space defined between the die pad of the leadframe and the upper and lower 
sections of the mold such that the molding process is not affected by the spatial separation 
between the die pad and those surfaces of the upper and lower mold sections which collectively 
define the mold cavity. 

[0009] There is an increasing demand in the electronics industry for QFP products 

including TQFP products of substantially reduced thickness (e.g., one mm or forty mils). The 
desired thickness reductions in semiconductor packages such as QFP and TQFP products which 
include a downset die pad often adversely affects the molding process used to form the package 
body of the semiconductor package. As indicated above, a typical TQFP product has a total 
thickness of approximately one mm or forty mils. Thus, when the leadframe having the die wire 
bonded thereto is placed into the mold cavity to facilitate the formation of the package body, the 
distance separating the die from the surface of the upper mold section partially defining the 
cavity is about 0.25 mm (about 10 mils), with the distance separating the die pad from the 
surface of the lower mold section partially defining the mold cavity being only about 0.2 mm (8 
mils). The molding compound being filled into the mold cavity via the gate of the mold will 
flow above the semiconductor die and below the die pad. However, due to the downset of the 
die pad and the very small gap defined between the die pad and the lower mold section, the 
molding compound cannot easily flow beneath the die pad. On the other hand, the molding 
compound can easily flow rapidly above the die pad and the die mounted thereto because of the 
substantially greater space or distance separating the die from the upper mold section. As a 
result, the molding process becomes "unbalanced" due to the disparities in the pressure 
conditions existing above and below the die pad of the leadframe. As a result of this unbalanced 
state, the support bar of the leadframe which supports the die pad is pressed down by the 
pressure and weight of the molding compound flowing above the die pad. This downward 
pressure and weight often results in the die pad and possibly a portion of the lower surface of the 
die being exposed within the completed package body of the semiconductor package, thus 
making the semiconductor package unusable. The downward pressure applied to the die pad, 
though not necessarily resulting in the exposure of the die pad within the package body, 
sometimes results in poor adhesion between the package body and the die pad, and resultant 
delamination or separation of the package body from the die pad. 
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[0010] The present invention addresses and alleviates the above-described problems in 

making thin semiconductor packages including the leadframes with downset die pads by 
providing support feet on the die pad of the leadframe which prevent excessive movement of the 
die pad within the mold cavity during the molding operation used to form the package body of 
the semiconductor package. These and other features of the present invention will be described 
in more detail below. 

BRIEF SUMMARY OF THE INVENTION 

[0011] In accordance with the present invention, there is provided a leadframe design which 
provides a reinforced die pad support structure configured to enhance yield and reliability of a 
semiconductor package or product manufactured through the use of the leadframe. More 
particularly, the die pad of the leadframe is outfitted with support feet sized and configured to 
prevent movement of the die pad within a mold cavity as could otherwise result due to disparities 
in the pressure conditions existing above and below the downset die pad upon the flow of 
molding compound into the mold cavity. 

[0012] The present invention is best understood by reference to the following detailed 

description when read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These, as well as other features of the present invention, will become more 

apparent upon reference to the drawings wherein: 

[0014] Figure 1 A is a top plan view of a leadframe including a reinforced die pad support 

structure constructed in accordance with a first embodiment of the present invention; 
[0015] Figure IB is a partial cross-sectional view of the leadframe shown in Figure 1A 3 

illustrating a semiconductor die mounted to the die pad thereof and a portion of the package body 
in phantom; 

[0016] Figure 1C is an enlargement of the encircled region 1C shown in Figure 1A; 

[0017] Figure 2 A is a top plan view of a leadframe including a reinforced die pad support 

structure constructed in accordance with a second embodiment of the present invention; 
[0018] Figure 2B is an enlargement of the encircled region 2B shown in Figure 2 A; 
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[0019] Figure 3A is a top plan view of a leadframe including a reinforced die pad support 

structure constructed in accordance with a third embodiment of this present invention; and 
[0020] Figure 3B is an enlargement of the encircled region 3B shown in Figure 3 A. 

[0021] Common reference numerals are used throughout the drawings and detailed 

description to indicate like elements. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Referring now to the drawings wherein the showings are for purposes of illustrating 
preferred embodiments of the present invention only, and not for purposes of limiting the same, 
Figure 1 A illustrates a leadframe 10 including a reinforced die pad support structure constructed 
in accordance with a first embodiment of the present invention. The leadframe 10 comprises a 
pair of outer support rails 12 which extend in spaced, generally parallel relation to each other. 
Attached to and extending perpendicularly between the support rails 12 in spaced, generally 
parallel relation to each other is a pair of outer support bars 23. Integrally connected to the outer 
support bars 23 are a plurality of leads 30 which are supported by the outer support bars 23. 
Each of the leads 30 includes an inner lead portion 32 which defines the inner end thereof, and 
an opposed, outer lead portion 3 1 which defines the outer end thereof. The outer lead portions 
31 of the leads 30 are interconnected by the outer support bars 23, with the inner lead portions 32 
being disposed in a generally rectangularly configured opening or space 14 collectively defined 
by the support rails 12 and outer support bars 23. 

[0023] The leadframe 10 further comprises a generally quadrangular die pad 21 which is 

itself disposed within the approximate center of the opening 14. The die pad 21 is supported 
within the opening 14 by a pair of inner support bars 22. The inner ends of the inner support 
bars 22 are attached to and extend perpendicularly from respective ones of the opposed lateral 
sides defined by the die pad 21. Each of the inner support bars 22 transitions into a generally V- 
shaped outer portion, the outer ends of the prongs of which are attached to a respective one of the 
support rails 12. In the leadframe 10, the inner lead portions 32 of the leads 30 are positioned so 
as to extend along and in spaced relation to respective ones of the longitudinal and lateral sides 
of the die pad 21. Those of ordinary skill in the art will recognize that if the die pad 21 were 
generally square as opposed to rectangular as shown in Figure 1A, the inner lead portions 32 of 
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the leads 30 would be positioned to extend along and in spaced relation to respective ones of the 
four equally sized peripheral edge segments defined by the die pad 21. 

[0024] In the leadframe 10, it is contemplated that the die pad 21 will be "downset" 

relative to the support rails 12 and outer support bars 23 of the leadframe 10. In this regard, each 
of the inner support bars 23 is formed to include a downset 24 therein. Similarly, each of the 
leads 30 is formed to include a downset therein such that the inner lead portions 32 which are 
disposed in close proximity to the die pad 21 are downset relative to the outer lead portions 31 
which, as indicated above, are interconnected by the outer support bars 23. Thus, in the 
leadframe 10, the die pad 21 and inner lead portions 32 of the leads 30 extend in generally co- 
planar relation to each other along a common first plane, while the support rails 12, outer support 
bars 23, and outer lead portions 31 extend in generally co-planar relation to each other along a 
common second plane which itself extends in spaced, generally parallel relation to the first plane. 
[0025] The leadframe 10 constructed in accordance with the present invention is 

configured to reduce the occurrences of die pad exposure or delamination described above as a 
result of the unbalanced pressure and weight condition which may occur in the mold cavity as a 
result of the flow of molding compound about the downset die pad 21 when the leadframe 10 
(having a semiconductor die 1 1 mounted and electrically connected thereto) is inserted into the 
mold cavity. To prevent any movement of the die pad 21 in the mold cavity during the molding 
procedure, the leadframe 10 is preferably provided with a plurality of elongate, generally 
rectangular support feet 40 which are integrally connected to the longitudinal and lateral 
peripheral sides of the die pad 21 and protrude perpendicularly therefrom. As shown in Figure 
1 A, three support feet 40 are attached to each of the longitudinal sides of the die pad 21, with the 
three support feet 40 of each set being arranged in generally equidistantly spaced relation to each 
other. Two support feet 40 are attached to and extend from each of the lateral sides of the die 
pad 21, the two support feet 40 of each set being arranged on opposed sides of the corresponding 
inner support bar 22. Figures 1 A, IB, and 1C each depict the support feet 40 in a final, bent state 
wherein they extend generally perpendicularly relative to the bottom surface of the die pad 21. 
As will be recognized, in their initial, unbent state, the support feet 40 extend perpendicularly 
from respective ones of the longitudinal and lateral sides or peripheral edge segments of the die 
pad 21, as indicated above. 
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[0026] In manufacturing a semiconductor package utilizing the leadframe 10, the initial 

step of the manufacturing process involves the formation of the leadframe 10. Such formation is 
typically accomplished by chemically etching or mechanically stamping a sheet of metallic 
material (e.g., copper). Subsequent to such chemical etching or mechanical stamping, the inner 
support bars 22 and leads 30 are subjected to a bending operation for purposes of facilitating the 
formation of the above-described downsets 24 within the inner support bars 22 and the 
corresponding downsets within the leads 30. Thereafter, the support feet 40 are each bent in the 
manner shown in Figures 1A, IB and 1C. The semiconductor die 11 is then mounted to the top 
surface of the die pad 21, the bent support feet 40 extending generally perpendicularly downward 
relative to the opposed bottom surface thereof. After the die 1 1 has been mounted to the die pad 
21, pads or terminals of the die 11 are electrically connected to the inner lead portions 32 of 
respective ones of the leads 30 through the use of conductive bond wires 26. Those of ordinary 
skill in the art will recognize that the bending of the support feet 40 may occur subsequent to the 
mounting and electrical connection of the die 11 to the leadframe 10 in the above-described 
manner. 

[0027] After the die 1 1 has been mounted and electrically connected to the leadframe 10 

and the support feet 40 bent in the above-described manner, the leadframe 10 and die 11 
mounted and electrically connected thereto are placed into the mold cavity of the mold. Despite 
the unbalanced state that may exist in the mold cavity upon the flow of the molding compound 
thereinto attributable to the downset of the die pad 21, downward movement of the die pad 21 
toward the lower mold section is prevented by the support feet 40 which effectively extend 
between the lower mold section and the die pad 21. Thus, any bending of the inner support bars 
22 which may otherwise result in the lower surface of the die pad 21 being exposed in the 
completely formed package body of the semiconductor package subsequent to the completion of 
the molding process is effectively eliminated. 

[0028] Upon the completion of the molding process, the package body 18 of the 

semiconductor package is removed from within the mold cavity. Protruding from the package 
body 18 are the outer lead portions 31 of the leads 30, the outer support bars 23 interconnecting 
the outer lead portions 31, portions of the inner support bars 22, and the support rails 12 attached 
to the inner and outer support bars 22, 23. The exposed portions of the inner support bars 22 and 
support rails 12 are singulated or removed from the package body 18, as are the outer support 
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bars 23. The removal of the outer support bars 23 effectively separates the outer lead portions 
31, thus in turn electrically isolating the leads 30 from each other. The inner lead portions 32 of 
the leads 30 are covered or encapsulated by the package body 18, as are the die pad 21, support 
feet 40, die 1 1 and wires 26. If significant downward pressure is applied to the die pad 21 of the 
leadframe 10 during the molding operation, the possibility exists that the bottom, distal ends of 
the support feet 40 may be exposed in the bottom surface of the package body 18 of the 
semiconductor package. More typically, however, the completion of the molding operation will 
result in the complete encapsulation of the support feet 40 within the package body 18. 
[0029] Those of ordinary skill in the art will recognize that the configuration of the 

leadframe 10 shown in Figures 1A, IB and 1C is exemplary only, in that the number and pattern 
of leads 30 may be varied according to the desired application for the completed semiconductor 
package. Additionally, the size, number and arrangement of support feet 40 may also be varied 
from the size and arrangement shown in Figures 1A, IB and 1C. As indicated above, the die pad 
21 may alternatively have a square or other configuration as an alternative to the rectangular 
configuration shown in Figure 1 A. Besides being used in relation to TQFP and fine-pitch TQFP 
products, the leadframe 10 including the support feet 40 is also suitable for use in low-profile 
QFP, thin plastic QFP, TSOP (Thin Small Outline Package) and Ultra-Thin Small Outline 
Package products. Additionally, it is further contemplated that the depth D of the downset 24 in 
each inner support bar 22 and the angle A of each downset 24 may be varied according to the 
size of the die 11, and the overall structure of the leadframe 10 based on the particular product in 
which it is to be used. The support feet 40 may also be bent downwardly to extend at an angle of 
less than ninety degrees relative to the bottom surface of the die pad 21. The variability in the 
downsets 24 of the inner support bars 22 is also applicable to the corresponding downsets 
included in each of the leads 30. 

[0030] Referring now to Figures 2 A and 2B, there is shown a leadframe 10a constructed 

in accordance with a second embodiment of the present invention. The leadframe 10a is 
substantially similar in structure to the above-described leadframe 10, except that the support feet 
40 of the leadframe 10a extend from respective ones of the four corner regions defined by the die 
pad 21, as opposed to extending perpendicularly from the longitudinal and lateral sides of the die 
pad 21 as in the leadframe 10. Thus, in the leadframe 10a, a total of four support feet 40 are 
included with the die pad 21, as compared to the ten support feet 40 shown as included with the 
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die pad 21 in the leadframe 10. The extension of the support feet 40 from the comer regions of 
the die pad 21 as occurs in the leadframe 10a will typically be employed in those instances when 
the number and concentration of leads 30 is such that insufficient spaces or gaps exist between 
the longitudinal and lateral sides of the die pad 21 and the inner lead portions 32 of the leads 30 
as is needed to accommodate the extension of the support feet 40 from the longitudinal and 
lateral sides of the die pad 21. Thus, in the alternative configuration of the leadframe 10a shown 
in Figures 2A and 2B, the support feet 40 extend into those spaces or gaps defined between each 
of the four sets of inner lead portions 32 of the leads 30 which extend along respective ones of 
the lateral and longitudinal sides of the die pad 21. 

[0031] Referring now to Figures 3 A and 3B, there is shown a leadframe 10b constructed 

in accordance with a third embodiment of the present invention. As shown in Figures 3A and 
3B, the die pad 21 of the leadframe 10b is formed as a rectangularly configured frame defining a 
central opening 42. The support feet 40 extend perpendicularly from the lateral and longitudinal 
peripheral edge segments of the die pad 21 into the interior of the opening 42 defined thereby. In 
Figures 3A and 3B, the support feet 40 are shown in their final, bent state wherein they extend 
generally perpendicularly downward from the bottom surface of the die pad 21. The formation 
of the die pad 21 as a rectangular frame having the inboard support feet 40 as included in the 
leadframe 10b is typically employed in those instances when the concentration and spacing of 
the inner lead portions 32 of the leads 30 about the periphery of the die pad 21 is such that 
insufficient space is provided to allow for any extension of the support feet 40 perpendicularly 
outward from the longitudinal and/or lateral sides of the die pad 21. The six support feet 40 
shown in Figures 3A and 3B is also exemplary only, in that greater or fewer support feet 40 can 
be included in the leadframe 10b. The configuration of the leadframe 10b is often well suited for 
use in fine pitch TQFP products. 

[0032] It is contemplated that the support feet 40 included in the leadframes 10, 10a and 

10b may all be formed to include pointed bottom or distal ends, thus minimizing any exposure of 
the support feet 40 in the bottom surface of the package body of the completely formed 
semiconductor package. Those of ordinary skill in the art will recognize that the alternatively 
configured leadframes 10a and 10b may also be used in a wide variety of differing applications 
as discussed above in relation to the leadframe 10. In this regard, the various structural variants 
described in relation to the leadframe 10 are also applicable to the leadframes 10a, 10b. 



-9- 



[0033] This disclosure provides exemplary embodiments of the present invention. The 

scope of the present invention is not limited by these exemplary embodiments. Numerous 
variations, whether explicitly provided for by the specification or implied by the specification, 
such as variations in structure, dimension, type of material and manufacturing process may be 
implemented by one of skill in the art in view of this disclosure. 
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